FOCUS
For example, surgery of the posterior hypothalamic region has been reported to be an effective treatment in severe cases of aggressive behavior in patients with intellectual disability (ID), 15, 23, 35, 38, 66 which enables us to formulate a hypothesis on disease pathogenesis and brain functioning. 51 
The Disease
The prevalence rate of challenging behavior in people with ID is reported to be as high as 45%, but limited incidence data exist. 22, 32, 40 Pathological aggressive behavior is one of the main reasons that people with ID are referred to specialist services. 69 This fact is not surprising, because people with ID rarely refer themselves for psychological or psychiatric help. Rather, they are usually referred when their behavior becomes a problem for someone else. This also might be the reason that most of the research on psychotherapeutic interventions in people with ID deals with anger and aggression. 69 Aggressive outbursts can prevent such patients from forming and maintaining relationships and can result in their exclusion from educational, work, and social settings and the breakdown of their living situation. 5 Pharmacological therapy can be effective for treating acute symptoms. 3 However, it often fails to be effective in the long term. Such therapy includes neuroleptics, anticonvulsants, antidepressants, anxiolytics, and mood stabilizers. The paucity of effective pharmacological treatment for aggressive and disruptive behaviors has generated support for early-intervention strategies, mainly in early childhood. In this developmental period, the altered behavior is easier to treat by using appropriate educational and psychological methods. 17 
The most recent Diagnostic and Statistical Manual of Mental Disorders
4 has a new chapter on disruptive, impulse-control, and conduct disorders, which includes all the emotional and behavioral self-control disorders.
Historical Foreword: The Laboratory Studies
In 1872, Charles Darwin published Expression of the Emotions in Man and Animals, in which he declared that animal emotions are homologous for human emotions. Many expressions (such as baring the teeth when angry) were considered rudimentary patterns of action, and a set of "basic" emotions was observed to be unvaried across species and cultures. 16 According to Darwin's statement, animal emotions could be used to study human emotions.
During those years, eminent clinicians and scientists were engaged in a debate on the feasibility of localizing brain functions. In 1870, the Prussians Gustav Fritsch (1838 Fritsch ( -1927 and Eduard Hitzig (1838-1907) described the effects of direct current stimulation over different parts of the brain cortex of dogs. 27 They stated that stimulation evoked contralateral motor responses and that stimulating different parts of the cortex activated different groups of muscles, from which a topographical map of movements of the body was laid out on the surface of the brain. At the National Hospital for the Paralyzed and Epileptic (Queen Square), in London, John Hughlings Jackson (1835-1911) hypothesized (after observing patients with motor seizures) that movements had a somatotopic organization and influenced David Ferrier (1843-1924) in his studies on stimulation mapping of the motor cortex in primates. 63, 71 At the same hospital in 1885, Victor Horsley (1857-1916) performed the first modern-day epilepsy surgery on a patient with focal motor (Jacksonian) seizures. He localized the motor cortex based on Jackson's somatotopic concept, aided, for the first time, by the use of intraoperative electrical stimulation. 62 In contrast, in that same period, Friedrich Goltz (1834 Goltz ( -1902 , in Halle, Germany, and then in Strasbourg, France, held a unitary view of brain functions based on experiments on the dog's brain. Following his view, "all areas of the cortex [serve] all the same functions." This hypothesis fell into disuse after the famous International Medical Congress held in London in 1881. On that occasion, Ferrier elegantly demonstrated the localization of motor function in the primate cortex through ablation followed by postmortem dissection. 63 Goltz observed separately that complete extirpation of the neocortex in dogs provoked rage. 31 This was the first documented observation on the neurobiology of raging behavior.
A few decades later, the American physiologist Walter Cannon (1871-1945) and his fellow Philip Bard (1898 Bard ( -1977 ) reproduced Goltz's experiments on dog decortication to demonstrate the purely central origin of emotions (Cannon-Bard theory). Bard and Rioch found that, in their opinion, rage-like behavior elicited by decortication disappeared after a cut through the rostral end of the superior colliculi and the posterior edge of the mammillary body in a dog's brain. Since that time, the caudal hypothalamus was supposed to be the "center" of rage responses once released from cortical control. 9, 10, 12 The observed rage was described as "sham," because it was not directed toward any specific eliciting stimulus. Bard and his colleagues first used surgical brain lesions to study emotions, and they proposed the posterior area of the hypothalamus to be a key region in rage generation. This rage response could be mediated through a cortical top-down control. Neocortical regions that control rage reactions were supposed to be multiple. The orbital cortex was observed to have a role in rage responses in both cats and monkeys. 28, 29 The efficacy of hypothalamic radiofrequency lesioning in aggressive rats was shown decades later. 2 Another structure that was thought to play a role in rage generation and hypothalamic system modulation was the amygdala; in the case of amygdala surgery, contradictory results, with either rage or a taming attitude in both cats and monkeys, were observed. 11, 58, 64 In a famous article by James Papez (1883-1958) in 1937, the hypothalamus, anterior thalamic nuclei, hippocampus, and gyrus cinguli were supposed to play a central role in emotions. A few years later, Paul Yakovlev (1894 Yakovlev ( -1983 proposed that the orbitofrontal cortex, insula, amygdala, and anterior temporal lobe form a network that underlies emotion and motivation. 70 The neuroscientist Paul MacLean (1913-2007) considered the Papez circuit and the network described by Yakovlev to be a whole cortical-subcortical structure, which he named the "visceral brain" and later renamed the "limbic system." 41 In 1932, on the basis of the work of Johann Paul Kar-plus (1866-1936) and Alois Kreill (1864-1928), the anatomist Beattie, from McGill University in Montreal, Canada, described for the first time the division of the cat hypothalamus into 3 cellular groups: 1) supra-optic, 2) tuber cinereum, and 3) supramammillary or posterior. The posterior hypothalamus (pHyp) would present with efferent fibers to the midbrain and reticular formation (hypothalamotegmental tract), which belongs to the autonomic system. Afferent fibers would come from the the mesolimbic dopaminergic pathway and from the medial and ventral thalamic nuclei. 14 In that period, accumulated data indicated a role of the whole hypothalamus in autonomic responses; the posterior part was thought to be dedicated to the orthosympathetic response and the anterior part to parasympathetic activation. 48, 50 The Nobel laureate Walter Hess (1881 Hess ( -1973 stated that the central representation of the sympathetic activities was located in a region that involved the pHyp and rostral midbrain, designated the "dynamogene zone" or "ergotropic sektor." However, the anterior hypothalamus and surrounding preoptic and septal areas have a parasympathetic role (named "trophotrop endophylaktischer sektor"). The 2 areas were supposed to overlap each other. 36 Indeed, Hess' experiments failed to confirm a clear-cut segregation of the different hypothalamic areas. In the same period, the anatomist Ban, in Osaka, Japan, studied the rabbit diencephalon and described the hypothalamus as being divided into 3 zones from the medial to lateral portions, following the Grünthal conception of "a, b, c Zellgebiete." 33 On the medial and lateral sides are parasympathetic zones (the a zone and the c zone), and Ban described a sympathetic area between them (the b zone). In particular, he described the dorsal longitudinal fasciculus as the output of sympathetic activity. 8 Based on Ban's studies, the concept of a rostrocaudal representation of autonomic responses switched to that of a mediolateral pattern.
Keiji Sano (1920 Sano ( -2011 , a professor of neurosurgery at the University of Tokyo, had a broad knowledge of and admiration for all the aforementioned laboratory experiences ( Fig. 1) . 52 As a surgeon, he was interested in understanding the translation of these observations into clinical practice. He also studied the psychic symptoms related to 297 limbic system tumors and found that lesions at the level of the posterior orbital area and the anterior hypothalamus generated euphoria, hyperactivity, or even irritability and rage, whereas lesions at the level of the cingulate gyrus, thalamus, and pHyp caused apathetic and somnolent symptoms. In contrast, temporal lobe symptoms could give rise to opposing clinical pictures. 52 Moreover, in those years at the University of Tokyo, the neurophysiologist Tokizane bestowed on the hypothalamus a central role in the activation of the limbic system. He and his group first described the cat pHyp as an archicortex (hippocampus)-activating region that also exerts influence on the neocortex via the reticular formation. 65 Based on the concepts already discussed, Sano considered the pHyp, the anterior thalamic nuclei, the cingulate gyrus, and the hippocampus (the complete Papez circuit) to be the ergotropic circuit, whereas the trophotropic circuit consisted of the anterior hypothalamus, the posterior orbital area, the insula, the uncus, and the amygdala. According to his description, these circuits had a central role in autonomic responses and also in experience and expression of emotions. In particular, he considered aggressive behavior the result of an unbalanced condition of the circuits, with the ergotropic circuit dominating.
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Human Surgery: The Lesional Era and Neurophysiological Testing
Sano was a pioneer in the treatment of aggressive behavior in the early days of stereotactic brain surgery. He proposed surgical lesioning of different targets at the ergotropic circuit level to calm the patient. Anterior cingulectomy, thalamotomy, fornicotomy, upper mesencephalic reticulotomy, and posteromedial hypothalamotomy were performed with this purpose (Table 1) ; posteromedial hypothalamotomy was the most effective procedure. Sano's explanation for the different outcomes was that surgery on lower-order areas produces more marked and lasting clinical effects than surgery on higher-order areas, because the overlapping of the ergotropic circuit with other circuits is more marked in the neocortex than the allocortex and in the allocortex than the diencephalon. 52 Sano et al. [52] [53] [54] [55] reported the most detailed and consistent surgical series concerning patients with aggressive behavior treated by radiofrequency lesioning of the pHyp. Also worth mentioning is that other teams at that time proposed pHyp lesioning for the treatment of aggressive behavior. In Sapporo, Japan, Miyazaki et al. 47 treated 4 patients (3 with ID) successfully with radiofrequency lesioning. In 1952 Spiegel and Wycis 59 also reported on their experience of performing hypothalamotomy. They created surgical lesions in the lateral hypothalamic region near the subthalamic nucleus in schizophrenic patients. A group of authors from Chile also reported on their experiences. 19 Sano and his team identified, through intraoperative pHyp-stimulation studies, the so-called b zone of Ban (its posterior part) between 1 and 5 mm from the wall of the third ventricle, which exhibited sympathetic responses. They developed a functional atlas of hypothalamic responses to stimulation using the Schaltenbrand-Bailey atlas. Following these considerations, Sano et al. 54 developed the concept of the "ergotropic triangle," in which sympathetic activity was elicited through intraoperative high-frequency stimulation, which became a sign of correct electrode placement. It is not clear if the stimulation covered the pHyp, the dorsal longitudinal fasciculus that arises there, or both.
Sano and his coworkers implanted electrodes at the pHyp level in 51 patients with aggressive behavior. They also implanted other electrodes at the level of the amygdala, hippocampus, temporal pole, and frontal lobe in the same surgical session. Scalp electroencephalography electrodes also were inserted. The procedure was performed on the contralateral side 7-10 days after the previous one. The following stimulation parameters were used: voltage 10-20 V; frequency 100 Hz; pulse width 1000 msec; and duration 5-10 seconds. A rise in blood pressure, tachycardia, and hyperpnea were observed after stimulation, principally 2-3 mm lateral from the wall of the third ventricle (Fig. 2) . Pupillary dilation was seen in a slightly wider area than that after the previous stimulation. When stimulation was applied near the wall of the ventricle, an ipsilateral downward gaze in the patient was evident (stimulation ventrocaudal to this region resulted in an ipsilateral inward gaze, and that to the lateral portion, an opposite conjugate deviation). pHyp and medial subthalamic nucleus stimulation also evoked the contraction of mainly ipsilateral sternocleidomastoid and posterior neck muscles, probably because of stimulation of the medial longitudinal fasciculus. Red nucleus stimulation caused the lowering of blood pressure and pupillary constriction, probably because it is near the parasympathetic hypothalamic output. Because of these considerations, Sano defined the ergotropic triangle, known later as the Sano triangle, and described it, in the lateral view, as delimited by the midpoint of the anterior-posterior commissure line, rostral end of the aqueduct, and anterior border of the mammillary body (Fig. 3) . It is worth mentioning that, after stimulation, increased levels of nonesterified fatty acids (NEFAs) and growth hormone, electroencephalographic desynchronization at the level of the neocortex and the allocortex, and in some cases allocortex spiking, were observed.
Radiofrequency lesions were created at the area that showed a sympathetic response at a frequency of 1 MHz and a power of 2-3 W for 3-4 minutes; the estimated size of the lesions was 3-4 mm. Sano et al. reported a followup duration of more than 1 year in 42 of the 51 patients. An improvement in aggressive behavior was found in 95% of the patients; this improvement was excellent in 12 patients and good in 28 patients. Sano et al. described markedly calm, passive, and tractable patients who were behaving with decreased spontaneity. The patients' IQ improved (even though values were not specified), probably because of their increased cooperation. Outcomes were not reported using validated scales (the article was published in 1970). The mecholyl test (responses to a parasympathomimetic drug) revealed a tendency toward parasympathicotonia. A general slight tendency to gain weight was seen also, together with a decrease in NEFA levels. However, in the subgroup of patients who gained weight, NEFA levels increased. Of these 42 patients, 22 also experienced seizures before surgery. After surgery, 1 patient became seizure free, and reductions in seizure intensity and frequency were experienced by another 9 patients (41%) who were receiving the same or a smaller dosage of medications at more than 2 years of follow-up. 54 In the 1970s and 1980s, other groups repeated Sano's procedures for the treatment of aggressive behavior 7, 44, 57, 60 or for indications such as "extreme" sexual behavior 20 and alcohol and drug addiction 20 and for the treatment of "erethic children."
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Human Surgery: The DBS Era Deep brain stimulation (DBS) of the pHyp has been proposed for the treatment of other disorders. Franzini and colleagues 26 described, for the first time, remarkable results in the treatment of drug-resistant chronic cluster headache (CCH) 45 performed at the "Carlo Besta" Neurological Institute in Milan, Italy (Fig. 4) . The choice of target was guided by PET scan activation of the pHyp during CCH attacks. 39 Several reasons led researchers to consider the pHyp as a target for DBS to treat pathological aggressive behavior. First, the area that was targeted for DBS to treat CCH was the same as that identified by Sano et al. 54 for the treatment of aggressive behavior. Furthermore, the occasional onset of aggressive behavior during CCH attacks in some patients suggested a common involvement of the pHyp in the pathogenesis of both conditions. Moreover, experimental evidence for the existence of functional connections between the pHyp and other emotional structures (amygdala and the Papez circuit) has been reported. Based on these data, Franzini et al. 25 proposed bilateral DBS of the pHyp to treat aggressive behavior using a reversible procedure that was more conservative than lesional surgery (Fig. 5 ). They reported on 7 patients who had been affected by pathological aggressive and disruptive behavior, and the follow-up period ranged from 3 to 11 years; the patients benefited from high-frequency stimulation, and they experienced a marked reduction of aggressive outbursts until complete resolution. 23, 25, 26 Stimulation parameters in the series reported by Franzini et al. 23 were as follows: frequency 185 Hz; current amplitude 1-3 V; and pulse width 60-90 msec with a monopolar configuration (case positive). The results were promising, including a mean improvement of 65% on the Overt Aggression Scale (OAS). 72 In 1 case (postischemic aggressive behavior), no effect on aggressive behavior was noted. In contrast, an improvement in sleep pattern and a stable reduction in blood pressure values occurred. Another patient's violent behavior returned with the temporary shutdown of the battery. When stimulation was restored, however, the therapeutic effect was reduced despite parameter adjustments. These results were stable at followup. 23, 46 A recent review of outcomes revealed that the best results have been obtained in patients with a codiagnosis of ID (our unpublished data).
In recent years, other groups replicated the success of Franzini et al. Low-frequency and high-frequency stimulation with both monopolar and bipolar stimulation patterns were found equally beneficial in controlling dysfunctional behavior in patients. In 2008, Kuhn et al. 38 treated a 22-year-old patient who developed self-aggressive behavior after a severe head injury, and after treatment, the patient's self-mutilation behavior disappeared. In the same period, another case of self-aggressive and heteroaggressive behavior was treated successfully with DBS of the pHyp. The peculiarity of the case was that a stable and significant clinical improvement was obtained with different stimulation parameters-namely, a longer pulse width (450 msec) and a very low frequency (15 Hz). Moreover, the stimulation was monopolar on the left side and bipolar on the right side. 35 In 2013, Torres et al. 66 presented a large series of patients with aggressive behavior and severe ID (1 patient had normal development until the age of 14 years). The Spanish group achieved similar clinical results when using low-frequency stimulation (15-60 Hz) and a longer pulse width (450 msec) with low amplitude (< 1 V) and when using high-frequency stimulation (130-185 Hz), a shorter pulse width (60-210 msec), and a higher current amplitude (1.8-2.5 V). These data were further confirmed by a group from Colombia who treated 5 patients with medically intractable aggressive behavior and seizures. The mean improvement on the OAS score was similar to that in the Franzini et al. study, and significant improvement in quality of life of the patients and caregivers was found. Seizure outcomes also were impressive. 15 In all these series, adverse neurovegetative effects were encountered when the stimulation amplitude was higher than 3 V, which confirms what Sano found in the 1970s and might limit the therapeutic window of DBS. A summary of the aforementioned experiences is listed in Table 2 .
Other experiences have highlighted the complexity of the neuronal networks involved in raging behavior, and some authors have proposed alternative targets for treating aggressiveness. Maley et al. 43 in 2010 and Giordano et al. 30 in 2016 highlighted the role of the orbitofrontal cortex in the modulation of anger, and they performed DBS on the bilateral ventral capsule and ventral striatum (VC/ VS) region that resulted in significant clinical improvement. Thus, the relevance of the ergotropic circuit regained new relevance. Taira and colleagues 61 reported a case of self-mutilating behavior successfully treated with DBS of the globus pallidus internus in a patient with Lesch-Nyhan syndrome and dystonia. The case suggested the possible involvement of motor circuits in the pathogenesis of selfaggressive syndromes. This result was confirmed and replicated by other authors in a few patients.
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Contribution of pHyp Surgery to the Neurological Sciences
The authors of all the aforementioned laboratory studies on animals (mainly dogs, cats, and rats) considered the hypothalamus a key structure in the autonomic system. In stimulation studies, a rostrocaudal organization of the responses was hypothesized (sympathetic on the posterior side, parasympathetic on the anterior one). 36 A second wave of studies developed by Ban 8 considered mediolateral segregation on which sympathetic responses arose between the medial and lateral parasympathetic zones. Moreover, aggressive behavior produced by decortication, which caused a lack of cortical control, disappeared after a cut at the level of the "caudal" (posterior) hypothalamus in a dog's brain. 10 The sympathetic system activation observed during episodes of raging behavior led to consideration of the hypothalamus as a structure that is deeply involved in both autonomic and emotional aspects.
These considerations led many groups, particularly the Sano group in Tokyo, to develop posterior radiofrequency hypothalamotomy for the treatment of aggressive behavior. Thanks to their stimulation and lesioning studies, Sano et al. helped clarify the multiple roles of the pHyp and provide clinical correlates.
The pHyp represents a low-order diencephalic region on which the limbic (emotional) and autonomic systems overlap. 54 
Autonomic System Insight
Sano's acute stimulation of the pHyp (10-20 V, 100 Hz, and 1000 msec for 5-10 seconds) at the level of the b zone of Ban produced mainly sympathetic responses, namely, a rise in blood pressure (Fig. 2) , tachycardia, hyperpnea, and pupillary dilation. Hypothalamic radiofrequency lesioning was performed at this level, which tended to cause a decrease in sympathicotonia.
The anatomical correlate of these responses lies in the connection between the pHyp and the brainstem and spinal cord autonomic centers. In particular, the target of these neurophysiological and lesioning studies also could have been the fibers of the dorsal longitudinal fasciculus of Schutz, which arise from the pHyp.
Worth mentioning is that in the reported series, chronic stimulation (DBS) rarely induced transient sympathetic responses, probably because of the lower intensity of stimulation (1-3 V in our group) and the lower pulse widths (60-177 msec). The frequency of stimulation was high in both experiences (100 Hz in the Sano et al. study and 130-185 Hz in DBS studies). 22, 52 Emotional System Insight Sano described hypothalamotomy as "sedative."
The patient became markedly calm, passive, and tractable, showing decreased spontaneity. These changes were long-lasting, although spontaneity returned to a considerable extent in 1 month. Sometimes somnolence was noted in the first 7 to 10 days after the operation. Intelligence was not impaired by this operation, at least at the ordinary intelligence test administered more than 2 months after the operation. On the contrary, amelioration of the intelligence quotient was noted in about half of the cases; this may be because the patients became cooperative after hypothalamotomy.
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The described experience is similar to that experienced by our group and described in other reports. 23 In our experience, the patients who underwent DBS became calmer, antipsychotic drugs were reduced, and, in some cases, the patients had an opportunity to be reintegrated partially or totally with their family as a result of their markedly reduced aggressive behavior. In our series, before surgery, all the patients presented with severe ID or a severe acquired cognitive problem. For this reason, cognitive testing was not possible. pHyp lesioning and high-frequency DBS result in decreased activation of the emotional system, which exerts a strong effect, especially on the experience of rage. MacLean 42 considered the pHyp part of the limbic system, whereas the Tokizane et al. 65 studies on cat brains revealed that the pHyp activates the archicortex (hippocampus). Thus, the pHyp was considered to have a central role in activating the limbic system.
From the Target to the Circuit: Extending Our Knowledge
Given that the pHyp belongs to at least 2 different systems (autonomic and emotional), other brain structures might be involved and considered suitable targets for the treatment of aggressive behavior. DBS of the VC/VS has been performed successfully in 3 cases of aggressive behavior. 30, 34, 43 This region is supposed to belong to the "emotional brain," a circuit that includes the anterior cingulate cortex, orbitofrontal cortex, amygdala, and insular cortex (similar to the visceral brain or limbic system described by MacLean
42
). Given the supposed beneficial result of DBS to this area and the hypothalamic area in the treatment of aggressive behavior, the connections between these 2 structures have been studied. 51 The only described direct anatomophysiological link between these 2 regions is the mesolimbic dopaminergic pathway, the so-called reward pathway, which has been studied extensively in relation to addiction disorders and the positive symptoms of schizophrenia. A role of the mesolimbic pathway in aggression was proposed by the psychologists Panksepp and Zellner 49 based on animal studies. Both the VC/VS and the pHyp represent low-order structures under fine neocortical control.
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Conclusions
Challenging behavior, especially aggression, is present in half of the people with ID. The pharmacological treatment and dedicated community structures sometimes fail to control aggression, which results in negative consequences. 5, 22 In the past, posterior hypothalamotomy was performed successfully for the treatment of severe aggressive behavior, but almost all the "psychosurgical" procedures fell into disuse at the beginning of the 1970s because they were perceived to be a brain-disabling therapy or used to control minority groups or because of the worldwide diffusion of antipsychotic drugs as an effective nonsurgical therapy. 67, 68 DBS has represented a new treatment modality for severe neurological (e.g., Parkinson disease, dystonia, tremor) and psychiatric (e.g., obsessive-compulsive disorders) disorders in the last decades. DBS prevents a definitive lesion of the brain and is relatively reversible and adaptable to clinical conditions. For these reasons, it has been used successfully as a palliative therapy in some rare cases in which pharmacological therapy and social measures were not enough to control aggressive behavior. 15, 23 Both the lesional and DBS experiences have enabled us to understand the role of specific brain structures and to formulate reliable hypotheses on the physiology of the brain and the pathophysiology of aggressive behavior. These data are of paramount relevance, together with those coming from clinical and animal laboratory studies.
The pHyp can be considered a key structure for both the autonomic nervous and emotional (limbic) systems. Acute and chronic stimulation of the pHyp, with different parameters and radiofrequency lesioning, enable us to elicit or suppress autonomic features and to deeply influence the emotional status of a patient. The observed endocrinological and epileptological modifications give pHyp a role in those fields too.
